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Abstract: 
 
Sarcopenic Obesity is known as a decrease in the quantity and quality of the skeletal muscle 
mass and increase in fat mass. It can be measured by the residual appendicular skeletal muscle 
mass (Ap SMM) based on the difference between actual and predicted values. Even though this 
condition is more common among sedentary elderlies, it may be present in subjects who 
underwent Bariatric Surgery (BS). We aimed to evaluate the influence of time after BS and 
physical activity level (PAL) during leisure time on anthropometric parameters, body 
composition and sarcopenic obesity markers in women. It is a cross-sectional study involving 42 
women divided into two groups according to the time since BS and two groups according to 
PAL. Anthropometric variables, body composition, and sarcopenic obesity markers were 
assessed. The variables appendicular skeletal muscle mass, height, and fat mass were used to 
determine sarcopenic obesity markers. Non-parametric numerical tests were used for group 
comparison and significance level was set at p<0.05. Considering women with sedentary leisure 
only, those with longer time after BS had higher current body weight and BMI, waist and hip 
circumference, fat mass, fat-free mass, Ap SMM (equation, residual, and relative) (p<0.05). 
Considering women with longer time after BS only, sedentary ones had higher current body 
weight and BMI, waist circumference, fat mass, fat-free mass (relative only), Ap SMM (equation 
and relative) (p<0.05). Our data indicate that longer time after BS and sedentary leisure modify 
anthropometric parameters, body composition and sarcopenic obesity markers in women. 
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Abstract
Sarcopenic Obesity is known as a decrease in the quantity and 
quality of the skeletal muscle mass and increase in fat mass. It 
can be measured by the residual appendicular skeletal muscle 
mass (Ap SMM) based on the difference between actual and 
predicted values. Even though this condition is more common 
among sedentary elderlies, it may be present in subjects who 
underwent Bariatric Surgery (BS). We aimed to evaluate the in-
fluence of time after BS and physical activity level (PAL) during 
leisure time on anthropometric parameters, body composition 
and sarcopenic obesity markers in women. It is a cross-section-
al study involving 42 women divided into two groups accord-
ing to the time since BS and two groups according to PAL. 
Anthropometric variables, body composition, and sarcopen-
ic obesity markers were assessed. The variables appendicular 
skeletal muscle mass, height, and fat mass were used to deter-
mine sarcopenic obesity markers. Non-parametric numerical 
tests were used for group comparison and significance level 
was set at p<0.05. Considering women with sedentary leisure 
only, those with longer time after BS had higher current body 
weight and BMI, waist and hip circumference, fat mass, fat-free 
mass, Ap SMM (equation, residual, and relative) (p<0.05). Con-
sidering women with longer time after BS only, sedentary ones 
had higher current body weight and BMI, waist circumference, 
fat mass, fat-free mass (relative only), Ap SMM (equation and 
relative) (p<0.05). Our data indicate that longer time after BS 
and sedentary leisure modify anthropometric parameters, 
body composition and sarcopenic obesity markers in women.

Keywords
Bariatric Surgery; Body Composition; Sarcopenia; Motor Ac-
tivity; Obesity.

Resumo
A Obesidade Sarcopênica é associada à diminuição da quantidade e 
qualidade da massa muscular esquelética e pelo aumento na massa 
gorda. Ela pode ser medida pela massa muscular esquelética apendicu-
lar (Ap MME) baseada na diferença entre os valores reais e preditos. 
Mesmo sendo mais comum em idosos sedentários, esta condição pode 
ser verificada em indivíduos submetidos à Cirurgia Bariátrica (CB). 
O objetivo do estudo foi avaliar a influência do tempo de CB e nível de 
actividade física (NAF) durante o lazer em parâmetros antropométri-
cos, composição corporal e marcadores de obesidade sarcopênica em 
mulheres. Trata-se de um estudo transversal, envolvendo 42 mulheres, 
divididos em dois grupos de acordo com o tempo de CB e dois grupos de 
acordo com o NAF. Variáveis antropométricas, composição corporal 
e marcadores de obesidade sarcopênica foram avaliados. As variáveis 
massa muscular esquelética appendicular, altura e massa gorda foram 
usadas para determinar marcadores de obesidade sarcopênica. Testes 
numéricos não-paramétricos foram usados para comparação de gru-
pos e o nível de significância foi estabelecido em p<0,05. Considerando 
as mulheres sedentárias no lazer apenas, aquelas com maior tempo 
após a CB tiveram maior peso e IMC atuais, circunferência de cintura 
e quadril, massa gorda, massa livre de gordura, Ap MME (equação, 
residual e relativa) (p<0.05). Considerando as mulheres com maior 
tempo após a CB apenas, as sedentárias tiveram maior peso e IMC 
atual, circunferência de cintura, massa gorda, massa livre de gordura 
(relativa apenas), Ap MME (equação e residual) (p<0.05). Nossos 
achados indicam que maior tempo após CB e lazer sedentário modifi-
caram parâmetros antropométricos, composição corporal e marcado-
res de obesidade sarcopênica em mulheres.

Palavras-chave
Cirurgia bariátrica; Composição corporal; Sarcopenia; Atividade 
motora; Obesidade.
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Introduction
Important changes in body composition may occur with aging, such as reductions 
in the quantity and quality of Skeletal Muscle Mass (SMM) and the preservation 
or increase in fat mass. This loss in SMM can be unnoticeable in obese people, 
unless there is clear functional loss of muscle strength. This condition is known 
as “sarcopenic obesity”1-3. In addition to the impairment of functional capacity4, 
there are other health consequences related to sarcopenic obesity. One of these 
effects is an increased risk of developing type 2 diabetes mellitus5, increased levels 
of triglycerides, metabolic syndrome and cardiovascular disease6-8.

Many times, the cause of sarcopenia, as well as obesity, is multifactorial. Thus, 
there are many criteria that classify sarcopenic obesity2,9. Aging is typically the 
major cause; however, other factors may interfere with the development of this 
condition. These factors may include sedentary lifestyle, low consumption and 
absorption of nutrients, low levels of vitamin D, use of medications that cause 
anorexia and smoking2,5.

Sedentary lifestyle is an important risk factor related to weight gain and the de-
crease in SMM10. Obese people tend to be less physically active when compared with 
normal weight people, which could contribute to decreased mugenescle strength11. 
Thus, general muscle loss can lead to a reduction in Resting Metabolic Rate and the 
reduction of energy expenditure during exercise and daily physical activities, which 
may further aggravate the sedentary state, and the accumulation of fat mass2,12.

The prevalence of morbid obesity (BMI ≥ 40 kg/m²) is around 3% in the Brazil-
ian population and the Brazilian Unified Health System has provided over 50,000 
bariatric surgeries up to 201413. Although the prevalence is lower than the United 
States (6.6%)14, these data are alarming. As consequences of BS, previous studies 
showed that it is linked to a drastic reduction in food intake and food absorption 
as well as protein and micronutrient absorption what could differentiate sarco-
penic obesity from cachexia syndrome, and are risk factors for the onset of the 
disease15. It demonstrates a possible association between BS and sarcopenic obesi-
ty. They observed that the risks of BS in individuals over 60 years outweigh their 
benefits, because the resulting weight loss reduced fat mass, but also SMM and 
bone mineral density, thus increasing the risk of adverse consequences for health 
of elderly obese individuals.

We aimed to evaluate the influence of time after BS and physical activity level 
(PAL) during leisure time on anthropometric parameters, body composition and 
sarcopenic obesity markers in women. Our hypothesis was that greater elapsed time 
since the operation and sedentary state after the BS would be associated with poorer 
anthropometric parameters, body composition, and markers of sarcopenic obesity.

Methods
Subjects
The study included 42 women who underwent BS, matching the following inclu-
sion criteria: bariatric surgery (Roux en Y gastric bypass) conducted through the 
Brazilian Unified Health System between 1999 and 2010, and age between 26 and 
75-year old.  A list of names and phone numbers of 209 patients who underwent 
BS between 1999 and 2010 were obtained from the University Hospital and the 
Local Health Department of the city. Our research team contacted the patients to 
invite them to participate in the study. From that list, only 71 individuals were lo-
cated. Among them, 21 had no interest in participating in the survey or did not at-
tend their scheduled session, even after re-scheduling on numerous occasions. In 
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addition, posters publicizing the project were distributed at the University campus 
and in health facilities around our city to recruit more patients. With this release, 
two more subjects who met the criteria of the operated group were included in the 
survey (total n=52). Due to the small sample size of men who sought to be part of 
the study (10 participants), and the lack of an age-specific equation to determine 
sarcopenic obesity for this sex, only women were included in the present analysis. 

This study is part of a major research which was approved by ‘Comitê Perma-
nente de Ética em Pesquisa com Seres Humanos (COPEP) – Universidade Estadual de Mar-
ingá’ - protocol 412/2008, entitled Assessment of Bariatric Surgery: retrospective 
study. Before the assessments, all the subjects read and signed the consent form of 
the study which is in conformity with the Brazilian law.

Instruments and Measurement Protocols
As the first step of the study, subjects completed an anamnesis form. This form 
contains questions related to BS (date of procedure, surgical technique, the smal-
lest weight achieved after surgery), the continuous use of medications by the pa-
tient after BS and some specific questions in order to conduct an evaluation by 
dual-energy X-ray absorptiometry. According to the Brazilian Society for Clinical 
Densitometry16, the use of dual-energy X-ray absorptiometry is not recommended 
for pregnant women and individuals who have done some x-ray contrast / barium 
or nuclear medicine two weeks prior to the test.

If the patient did not know the name of the surgical technique performed, a 
description about the different procedures used by the Brazilian Unified Health 
System was offered to them, thus allowing them to indicate the description of 
the procedure which best described their undergone operation. The present study 
included only patients who reported being subjected to combined techniques (re-
strictive plus disarbsorptive, Roux en Y gastric bypass).

Anthropometric and Body Composition Assessment
Body weight and height were assessed in order to calculate BMI (BMI = weight kg / m2). 
The measurement of weight was done on an electronic scale with a capacity of 300 
kg and 0.05 kg precision. Height was measured with a stadiometer to the nearest 
0.1 cm. All circumferences were measured with a tape to nearest 0.01cm. The smal-
lest portion at the abdominal area and the biggest portion of the gluteal area were 
considered as the anatomical references to the waist (WC) and hips circumference 
(HC) measures, respectively.

The assessment of body composition was done by X-ray Dual Energy Absorp-
tiometry (GE Lunar Prodigy Primo model; Encore software version 13.50). This 
method consists of a high-tech procedure that allows the quantification of Fat 
Mass (FM), Fat Free Mass (FFM), and Bone Mineral Content (BMC) of the whole 
body and specific regions. It also has wide applicability primarily due to the rapid 
assessment, the low doses of radiation emitted (between 0.05 mrem to 1.5 mrem) 
and the production of reliable fat mass and bone mineral content results. Assess-
ment of body composition by X-ray Dual Energy Absorptiometry assumes that 
the areas of bone and soft tissues can be penetrated by a depth of approximately 
30 cm by two distinct peaks of energy from an isotopes source of high affinity. The 
penetration of the two peaks of energy (40 kV and 70 kV) in the muscle; fat and 
bone promote an attenuation of X-rays, which then is analyzed by a scintillation 
detector. The decay constant for fat mass is 1.21 while for lean body mass is 1.39.

For the assessment of body composition of the entire body, the subjects were 
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placed in supine position, with the palms facing down, in the center of the scan-
ning area. A professional checked if all parts of the body were within the scanning 
area. Patients were instructed to do not move until the end of the assessment. We 
placed hook-and-loop fasteners straps at the knees and ankles, as recommended 
by the manufacturers of the equipment.

Evaluation of sarcopenic obesity
For the evaluation of sarcopenic obesity, the model developed by Newman et al.17 
and adapted by Oliveira et al.18 was used to obtain numerical results. This regres-
sion model proposes an adjustment of SMM by fat mass and stature. The difference 
between the value generated by regression and the Appendicular SMM measured by 
X-ray Dual Energy Absorptiometry (i.e., the residual value) was used as a diagnostic 
criterion for sarcopenic obesity. The following formula according to Oliveira et al.18 
in Brazilian women with a wide age range were used to assess Appendicular SMM:

Appendicular SMM = -14.529 + (17.989 x height (m)) + (0.1307 x FM (kg))

To classify numerical data obtained based on Oliveira et al.18 formula, we used 
the cut-off points proposed by the authors (-3.4 based on values that were equal 
to or below 2 standard deviations of the mean in the reference sample), which 
was proposed specifically for women in an age range of 18-40 years. Thus, older 
women who presented residual ≤3.4 were considered to have sarcopenic obesity18. 
Sarcopenic obesity markers based on Ap SMM for the numerical analysis were 
considered: Ap SMM (absolute, relative, residual, and equation [predicted]).

Assessment of Time since BS
The subjects included in the study (n=42) were divided in two groups according to 
time since BS: patients operated between 36 and 96 months (n=18) and patients 
operated for over than 96 months (n=24). This cut off point was set based on 
O´Brien et al.19. According to the authors, this surgery procedure leads to great 
weight changes in the first two years, and then weight tends to be stable from the 
third to the eighth year after BS. After this, the tendency is to reduce the percen-
tage of excess weight loss19.

Assessment of Physical Activity
The evaluation of the physical activity level (PAL) was done with a questionnaire 
proposed by Larsson et al.20, validated for men and women with different BMI 
ranges. The questionnaire contains only two questions: one related to PAL at work 
and another on leisure time. The questions of leisure time use a Likert scale ra-
ted from 1-4, where “1” represents a low PAL, “2” represents an average PA level 
and “3” and “4” represent very high PA levels while the questions of PAL at work 
are answered in a scale from 0-4, where the additional number (i.e., 0) represents 
sedentary work. Subjects were instructed to mark only one answer for each ques-
tion, calculating the mean PAL if this was to vary much across the different mon-
ths of the year. For data analysis, the responses of each question were divided into 
two categories (a) less active and (b) more active. At one point, referring to the PAL 
at leisure, were considered less active people who pointed out the number ‘1’ and 
most active people who reported the numbers ‘2, 3 or 4’ in the survey 21. Referring 
to the PAL at work, were considered less active participants who pointed out the 
numbers ‘0’, ‘1’ and ‘2’ and most active who have chosen the numbers ‘3’ and ‘4’21.
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Statistical Procedures
No sample size calculation was performed given the specificity of the population. 
The descriptive analysis included measures of central tendency (mean and me-
dian), dispersion (standard deviation and interquartile range), and absolute and 
relative frequency. The Shapiro-Wilk test was used to check for normality. Due to 
the small sample size, all data was analyzed only with non-parametric numerical 
tests. Mann-Whitney test was used for group comparisons and Spearman test for 
correlations. Statistical significance was set at p <0.05.

Results
The study included a total of 42 women aged between 26 and 75 years. From all 
the participants, 9 (21.4%) presented sarcopenic obesity. Regarding PAL at leisu-
re, 27 (64.3%) were classified as sedentary and only 1 (2.4%) had an active work. 
Given that, we did not perform numerical inferential analysis for PAL at work. 
Eighteen (42.9%) women performed BS 36-96 months before the assessment while 
24 (57.1%) performed for longer than 96 months. 

Table 1 presents the values indicative of central tendency and dispersion of 
age, time after BS, anthropometric variables, body composition, and sarcopenic 
obesity markers of individuals with and without sarcopenic obesity, as well as the 
result of comparison tests between the groups. Women with sarcopenic obesity 
showed increased current body weight and BMI, WC, HC, fat mass (absolute and 
relative), and reduced percentage FFM, Ap SMM (equation, residual, and relative). 
We also correlated age and the residual Ap SMM and the Spearman coefficient of 
correlation was 0.004 (p=0.982).

Table 1 – Anthropometric, time after BS, body composition, and sarcopenic obesity markers of sub-
jects with sarcopenic obesity vs subjects without sarcopenic obesity.

Variables No sarcopenic obesity (n=33) Sarcopenic Obesity (n=9) P

Age (years) 53.9 [42.6 – 58.6] 52.4 [45.7 – 55.8] 0.759

Time after BS (months) 96 [57.5 – 113.5] 102 [98.5 – 136.5] 0.238

Weight before surgery (kg) 125 [111 – 140] 130 [118 – 146.5] 0.304

BMI before surgery (Kg/m²) 50.1 [44.2 – 53.8] 50.6 [45.5 – 54.9] 0.890

Current weight (Kg) 83.4 [72.6 – 90.8] 96.8 [90 – 117] 0.001*

Current BMI (Kg/m²) 32.2 [28.5 - 36.5] 38.3 [34.9 – 43.7] 0.007*

WC (cm) 92 [80.7 – 104] 103 [96 – 115] 0.009*

HC (cm) 116 [106.5 – 112.3] 125 [116 – 141] 0.019*

Fat mass (Kg) 38.5 [28.6 – 44.2] 51.6 [46.5 – 60.7] <0.001*

% Fat 48 [41.9 – 51] 55.5 [53.5 -56.4] <0.001*

FFM (Kg) 41.4 [37.9 – 43.4] 40.1 [38.1 – 51.9] 0.613

% FFM 50.7 [47.4-56.1] 43.1 [42.7 – 45.3] <0.001*

BMC (Kg) 2.3 [2.0 – 2.7] 2.7 [2.1 – 2.7] 0.434

Ap SMM (Kg) – DEXA 17.3 [16.2 – 18.6] 16.3 [14.1 – 17.5] 0.154

Ap SMM (kg) – equation 18.7 [17.6 – 19.6] 20.9 [20.2 – 22.9] 0.001*

Ap SMM Residual** -1.17 [-2.30 - -0.27] -4.71 [-6.14 - -4.15] <0.001*

% Ap SMM 22.2 [20.0 – 24.5] 17.2 [14.8 – 17.9] <0.001*

BS: Bariatric Surgery; BMI: Body Mass Index; WC: waist circumference; HC: hip circumference; FFM: 
fat free mass; BMC: Bone Mineral Content; Ap SMM: Appendicular skeletal muscle mass. *Significant 
differences in the Mann-Whitney non-parametric test (p<0.05). **Ap SMM (kg) DEXA – Ap SMM 
(kg) – Equation.
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Table 2 shows the comparison between women with shorter time after BS ver-
sus women with longer time after BS for anthropometric parameters, body com-
position, and sarcopenic obesity markers according to PAL. Interestingly, women 
with shorter time after BS had better anthropometric parameters, body composi-
tion and sarcopenic obesity markers only for the sedentary ones. For active wom-
en, no differences were found between patients operated for longer (>96 months) 
and shorther periods (36 to 96 months).

Table 2 – Comparison between women with shorter time after BS versus women with longer time 
after BS for anthropometric parameters, body composition, and sarcopenic obesity markers accor-
ding to PAL (n=42).

Sedentary leisure; n=27

Variables ≤96 months after BS (n=12) >96 months after BS (n=15) P

Current weight (Kg) 76.3 [72.4 - 86.2] 96.8 [87.2 - 105.5] <0.001*

Current BMI (Kg/m²) 31.9 [28.6 - 33.9] 38.3 [36.4 - 44.6] 0.001*

WC (cm) 92.2 [81.3 - 95.5] 111 [101 - 114] <0.001*

HC (cm) 114 [108 - 119.8] 125 [116 - 139] 0.005*

Fat mass (Kg) 35.5 [29.5 - 40] 48.7 [44.3 - 54.2] <0.001*

% Fat 47.3 [43.2 - 50.3] 53.1 [48.3 - 55.9] 0.008*

FFM (Kg) 39.6 [35.3 - 41.8] 42.7 [41.4 - 50.7] 0.005*

% FFM 51.2 [48.1 - 54.7] 45.4 [43.1 - 50.3] 0.011*

BMC (Kg) 2.33 [2.07 - 1.82] 2.31 [2.03 - 2.70] 0.661

Ap SMM (Kg) – DEXA 17 [15.1 - 18.4] 17.5 [16.3 - 18.7] 0.661

Ap SMM (kg) – equation 18.6 [17.2 - 19.4] 20.4 [19.7 - 20.9] 0.001*

Ap SMM Residual** -1.20 [-2.28 - 0.03] -2.80 [-4.96 - -0.55] 0.047*

% Ap SMM 22.3 [21.5 - 24] 19 [16.6 - 20.1] <0.001*

Regular moderate exercise; n=15

Variables ≤96 months after BS (n=6) >96 months after BS (n=9) P

Current weight (Kg) 76.3 [54.0 - 87.5] 81.8 [72.3 - 92.3] 0.289

Current BMI (Kg/m²) 29.1 [23.0 - 33.3] 34.9 [27.8 - 36.8] 0.157

WC (cm) 79 [78.5 - 91.5] 91 [83.9 - 99.5] 0.139

HC (cm) 110.5 [86 - 122] 119 [102 - 124] 0.376

Fat mass (Kg) 33.6 [14.9 - 43.5] 40.0 [28.3 - 44.5] 0.456

% Fat 45.6 [28.8 - 53] 48 [38.9 - 51.8] 0.953

FFM (Kg) 39.4 [36.2 - 40.4] 42.1 [37.9 - 46.7] 0.239

% FFM 52.3 [45.2 - 68.7] 50.7 [47 - 59] 1.000

BMC (Kg) 2.86 [1.93 - 3.50] 2.27 [2.05 - 2.81] 0.289

Ap SMM (Kg) – DEXA 17.1 [15.6 - 17.4] 18.2 [15.5 - 19.6] 0.409

Ap SMM (kg) – equation 19.1 [15 - 20.3] 18.5 [17.5 - 19.5] 0.906

Ap SMM Residual** -1.76 [-3.11 - 0.20] -0.88 [-2.75 - 0.52] 0.556

% Ap SMM 23 [19.8 - 28.4] 22.6 [19.1 - 27.9] 0.724

BMI: Body Mass Index; WC: waist circumference; HC: hip circumference; FFM: fat free mass; BMC: 
Bone Mineral Content; Ap SMM: Appendicular skeletal muscle mass. *Significant differences in the 
Mann-Whitney non-parametric test (p<0.05). **Ap SMM (kg) DEXA – Ap SMM (kg) – Equation.

Considering only those individuals who underwent BS between 36 and 96 months, 
no differences were found for the numerical parameters analyzed. However, for subjects 
who underwent BS for more than 96 months, sedentary women had poorer anthropo-
metric parameters, body composition and sarcopenic obesity markers (table 3).
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Table 3 – Comparison between women with sedentary versus women with regular moderate exer-
cise at leisure for anthropometric parameters, body composition, and sarcopenic obesity markers 
according to time after BS (n=42).

≤96 months; n=18

Variables Sedentary leisure (n=12) Regular moderate exercise (n=6) P

Current weight (Kg) 76.3 [72.4 - 86.2] 76.3 [54.0 - 87.5] 0.606

Current BMI (Kg/m²) 31.9 [28.6 - 33.9] 29.1 [23.0 - 33.3] 0.223

WC (cm) 92.2 [81.3 - 95.5] 79 [78.5 - 91.5] 0.082

HC (cm) 114 [108 - 119.8] 110.5 [86 - 122] 0.638

Fat mass (Kg) 35.5 [29.5 - 40] 33.6 [14.9 - 43.5] 0.851

% Fat 47.3 [43.2 - 50.3] 45.6 [28.8 - 53] 0.925

FFM (Kg) 39.4 [36.2 - 40.4] 39.4 [36.2 - 40.4] 0.925

% FFM 51.2 [48.1 - 54.7] 52.3 [45.2 - 68.7] 0.925

BMC (Kg) 2.33 [2.07 - 1.82] 2.86 [1.93 - 3.50] 0.399

Ap SMM (Kg) – DEXA 17.1 [15.6 - 17.4] 17.1 [15.6 - 17.4] 0.779

Ap SMM (kg) – equation 18.6 [17.2 - 19.4] 19.1 [15 - 20.3] 0.454

Ap SMM Residual** -1.20 [-2.28 - 0.03] -1.76 [-3.11 - 0.20] 0.399

% Ap SMM 22.3 [21.5 - 24] 23 [19.8 - 28.4] 0.779

>96 months; n=24

Variables Sedentary leisure (n=15) Regular moderate exercise (n=9) P

Current weight (Kg) 96.8 [87.2 - 105.5] 81.8 [72.3 - 92.3] 0.009*

Current BMI (Kg/m²) 38.3 [36.4 - 44.6] 34.9 [27.8 - 36.8] 0.011*

WC (cm) 111 [101 - 114] 91 [83.9 - 99.5] 0.001*

HC (cm) 125 [116 - 139] 119 [102 - 124] 0.068

Fat mass (Kg) 48.7 [44.3 - 54.2] 40.0 [28.3 - 44.5] 0.004*

% Fat 53.1 [48.3 - 55.9] 48 [38.9 - 51.8] 0.022*

FFM (Kg) 42.1 [37.9 - 46.7] 42.1 [37.9 - 46.7] 0.222

% FFM 45.4 [43.1 - 50.3] 50.7 [47 - 59] 0.030*

BMC (Kg) 2.31 [2.03 - 2.70] 2.27 [2.05 - 2.81] 0.835

Ap SMM (Kg) – DEXA 18.2 [15.5 - 19.6] 18.2 [15.5 - 19.6] 0.976

Ap SMM (kg) – equation 20.4 [19.7 - 20.9] 18.5 [17.5 - 19.5] 0.016*

Ap SMM Residual** -2.80 [-4.96 - -0.55] -0.89 [-2.75 - 0.52] 0.069

% Ap SMM 19 [16.6 - 20.1] 22.6 [19.1 - 27.9] 0.009

BMI: Body Mass Index; WC: waist circumference; HC: hip circumference; FFM: fat free mass; BMC: 
Bone Mineral Content; Ap SMM: Appendicular skeletal muscle mass. *Significant differences in the 
Mann-Whitney non-parametric test (p<0.05). **Ap SMM (kg) DEXA – Ap SMM (kg) – Equation.

Based on table 2 and 3, we showed that the influence of time after bariatric 
surgery on the numerical parameters, especially in the markers of sarcopenic obe-
sity, is only observed in sedentary patients. Similarly, the influence of PAL is only 
observed in patients with longer time after BS.

Discussion
We evaluated the influence of time after BS and physical activity level (PAL) during 
leisure time on anthropometric parameters, body composition and sarcopenic 
obesity markers in women. 

The occurrence of bariatric surgery was presented in 21.4% in women who un-
derwent BS in the present study. Considering women with sedentary leisure only, 
those with longer time after BS had higher current body weight and BMI, waist 
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and hip circumference, fat mass, fat-free mass, Ap SMM (equation, residual, and 
relative). Considering women with longer time after BS only, sedentary ones had 
higher current body weight and BMI, waist circumference, fat mass, fat-free mass 
(relative only), Ap SMM (equation and relative). 

The prevalence of sarcopenic obesity observed in our study was similar to that 
found by Oliveira et al.18 who studied women aged 66.8 (5.6) years (19.80%). Our 
numbers were still higher compared to other studies, such as those reported by 
Newman et al.17 whose results were a prevalence of 21.7% among women aged 70 
to 79 years. It is important to note that the average age of these participants is 
higher compared to the age average of the participants in the present study, which 
is 49.72 (10.29) years. Moreover, they had not undergone to BS.

Some authors point to a decrease in SMM and Ap SMM as age increases11, and 
this is an important factor associated with sarcopenic obesity. In our study, age 
was not significantly different between sarcopenic and non-sarcopenic groups and 
did not correlated with residual Ap SMM. However, a significantly lower sarcopen-
ic obesity markers (i.e., Ap SMM measured as predicted, relative and residual) in 
individuals with sarcopenic obesity was observed, indicating that other variables, 
eg. time after BS and PAL, may also play a role in the onset of sarcopenic obesity.

To our knowledge, no study mentioned any potential influence of PAL and time 
after BS on anthropometric parameters, body composition, and sarcopenic obesity 
markers in women who underwent this surgical procedure. Although the benefits 
of physical activity in order to prevent sarcopenic obesity are well discussed in the 
literature2,8,9, the present study is the first to show that sarcopenic obesity markers 
are reduced in patients who underwent BS for longer periods (>96 months).

Freire et al.23 demonstrated that subjects who underwent BS had a significant 
increase in their body weight 5 years after the surgical procedure. One possible fac-
tor that explained this increase was the sedentary lifestyle after the BS, as well as the 
lack of proper counselling regarding eating and exercise behaviour following the 
operation. Thus, patients may be likely to return to their unhealthy habits after BS24.

Silver et al.25 showed that only 17.9% of operated patients were engaged in 
physical activity after two years since BS, while 82.1% of their sample had a mod-
erate level of physical activity. It reinforced the importance of keeping high PAL to 
prevent weight regain. Adopting a high PAL after BS is extremely important since 
it helps in the preservation of lean tissue and also contributes to the maintenance 
of the amount of excess weight loss26,27. In the present study, we found that only 
in patients who underwent BS over 96 months prior to measurements, sedentary 
leisure negatively influenced anthropometric parameters, body composition, and 
more importantly, markers of sarcopenic obesity.

If PAL is low after BS, we can speculate that a longer time period after the 
procedure may lead to greater weight regain and consequently, will negatively in-
fluence health parameters. According to Antonini et al.28, in operated patients, 
a greater time elapsed since the operation was associated with poor eating and 
physical activity behaviors. These patients with low adhesion to eating and exer-
cise behaviors also presented higher BMI than the group with greater adhesion. 

Despite the important results, there are some limitations in this study. We had 
a small sample size, however, this is a very specific population related to the Bra-
zilian unified health system, and the difficulty of follow up patients may have 
hindered their return to the study. Furthermore, this is a cross-sectional analysis 
so we do not know the degree of change in FM since BS across the years after the 
BS. Second, physical activity and sedentary state were evaluated via self-report-
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ed measurements. It may be useful to assess physical activity with more accurate 
methods (i.e., accelerometers), in this population in the future. Moreover, medi-
cal records could not be included in the study considering that they had several 
missing information or were unreadable, so all the data related to the surgery was 
self-reported by the patient, which may represent a limitation as well. Finally, we 
did not measure functional loss (e.g., muscle strength) as a proxy for sarcopenic 
obesity and we did not control for other factors associated with sarcopenia, such 
as pre-cachexia or cachexia (anorexia, increased inflammatory markers, and se-
vere body weight, muscle and fat mass loss). However, due to the elevated percent-
age body fat and the lack of great or total appetite reduction in the last month 
(non-reported data), especially in the group with sarcopenic obesity, its presence 
seems to be unlikely. 

Our data indicate that longer time after BS and sedentary leisure modify anthro-
pometric parameters, body composition and sarcopenic obesity markers in women. 
We suggest that future studies should analyze the effects of behavioral-based in-
terventions/counselling in operated subjects, and if these types of intervention 
may decrease the influence of sedentary behaviours on markers of sarcopenic obe-
sity, mainly in long-term.
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